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Abstract
Most small-and-medium size organizations are not able to perform energy conservation activities by their own 
because of lacks of technical skills and workers. Therefore, in 2009, the participatory energy conservation for Small-
and- Medium size factories and commercial buildings (SMEs) was launched in order to educate and raise awareness 
of employees and workers in organizations regarding energy conservation. In this paper, the evaluation of the 
participatory energy conservation projects by SMEs both factories and commercial buildings have been presented. 
The energy conservation and energy management for 135 surveyed organizations (117 factories divided into 10 
categories and 18 commercial buildings divided into 5 categories) were evaluated. There were 850 measures 
including 735 measures for electrical energy conservation and 115 measures for thermal energy conservation. The 
implementation of energy conservation measures resulted in energy savings that were estimated at 1,421.2143 
toe/year or 4.60% of total energy consumption.
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1. Introduction
Thailand’s overall gross domestic product (GDP) of 2008 was worth 9,104,959.0 million baht. GDP 
value of Small-and-Medium size factories and commercial buildings (SMEs) was 3,446,589.2 million 
baht in 2008 or 37.9% of the overall GDP. Total number of all enterprises in Thailand was 2,836,377 in 
2008 with 2,827,633 SMEs.
However, most small-and-medium size organizations are not able to perform energy conservation 
activities by their own because of lacks of technical skills and workers. Government needs to provide 
technical support and to make better understanding in energy conservation in order to reduce cost of
production. Then, Department of Alternative Energy Development and Efficiency (DEDE) of Thailand 
have implemented and administered energy programs under the energy development and promotion Act 
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1992 [1] . Up to now, the policies and projects to promote and support SMEs cover almost all aspects of 
SME development including finance, marketing, technology, innovation, management, human resources, 
and adjustment of laws and taxes[2,3]. Since 2003, Department of Alternative Energy Development and 
Efficiency (DEDE) launched the pilot participatory energy conservation by SMEs both factories and 
commercial buildings project.  The effectiveness of the project were evaluated by some researchers [4,5]. 
In the fiscal year 2010, DEDE has hired the Thammasat University Research and Consultancy Institute 
(TU-RAC) to follow up and evaluate the participatory energy conservation by SMEs both factories and 
commercial buildings project implemented in the fiscal year 2009 [6].  The 135 surveyed factories and 
commercial buildings come from the central, eastern, north-eastern, and northern regions. The objectives 
are to know the direction to develop and improve the program efficiently and to know that the participants 
be able to sustain energy conservation activities.
In this paper, the status of implemented measures has been collected on site from 135 surveyed 
factories and buildings after the project period. Then, the gathering information has been evaluated in 
terms of implemented measure, the amount of energy consumption, estimated annual savings, investment, 
payback period and satisfaction on the participation.  The results were categorized by types of factories 
and commercial buildings.
2. Evaluation Procedure
The information has been gathered from the questionnaires for executive members, energy team 
members and workers (focus on status of implemented measures and attitudes after the project period).  
The participants both factories and buildings were categorized into 4 regions, namely: central region (35 
participants), eastern region (32), north-eastern region (34), and northern region (34). The questionnaires 
were collected from 135 surveyed sites and additional information was obtained by interviewing.  The 
period of survey process was from February 2010 to March 2010.  The collected information is as 
follows:
(1) Summary of successfully implemented measures
(2) Summary of implemented and/or in-progress measures after the project period.
(3) Opinions and attitudes toward energy conservation, government-support needs and satisfactions 
of executive persons, energy team members and workers.
The measures were categorized by types of factories and buildings as well as the regions. The summary 
of implemented measures after the project period was presented with energy consumption and estimated 
annual savings.
3. Results
3.1. Energy conservation status
Table 1. Number of measure recommended by energy experts during the project period
Measure Number
Recommended energy conservation measures 850
1. Implemented energy conservation measures 830
1.1 Electrical 719
1.2 Thermal 111
2. Potential energy conservation measures 20
2.1 Electrical 16
2.2 Thermal 4
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There were 135 surveyed organizations from 117 factories and 18 commercial buildings. The total 
energy consumption was 30,853.1931 tons of oil equivalent per year (toe/year) of which the total 
consumption consists of 157,422,822.94 kWh of electricity and 736,701,322.99 MJ of thermal energy.  
During the project period, there were 850 measures recommended by energy experts. 830 measures have 
been implemented. Then, there were 20 recommended measures having the potential to implement after 
the project period as shown in Table I.
Of 850 recommended measures, the overall success of the project and energy savings obtained from 
the project report are shown in Table II. Energy savings of the project period were estimated to 
1,870.1125 toe/year.
Table 2. Energy savings of the participatory energy conservation by SMES both factories and commercial buildings
Description
Measure
Total Electricity Thermal energy
Energy savings 1,870.1125 (toe/year) 10,496,971.78 (kWh/year) 41,215,950.20 (MJ/year)
Cost savings 43,239,030.09 (baht/year) 35,581,467.40 (baht/year) 7,657,562.69 (baht/year)
Investment 14,579,755.55 (baht) 13,064,976.80 (baht) 1,514,778.75 (baht)
Payback period 0.34 (year) 0.37 (year) 0.2 (year)
Table 3.  Status of the recommended measured by energy experts after the project period 
Measure Number
Recommended energy conservation measures 850
1. Implemented energy conservation measures 830
1.1 Continuous measures 691
1.1.1 Electrical 598
1.1.2 Thermal 93
1.2 Discontinuous measures 139
1.2.1 Electrical 121
1.2.2 Thermal 18
2. Potential energy conservation measures 20
2.1 Continuous measures 14
2.1.1 Electrical 11
2.1.2 Thermal 3
2.2 Discontinuous measures 6
2.2.1 Electrical 5
2.2.2 Thermal 1
Table 4. Energy savings of continuous measures after the project period 
Description
Measure
Total Electricity Thermal energy
Energy savings 1,405.5582 (toe/year) 8,688,360.92 (kWh/year) 28,101,613.34 (MJ/year)
Cost savings 34,947,997.50 (baht/year) 28,768,591.69 (baht/year) 6,179,405.81 (baht/year)
Investment 9,033,014.75 (baht) 7,852,325.80 (baht) 1,180,688.95 (baht)
Payback period 0.26 (year) 0.27 (year) 0.19 (year)
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From the evaluation results, after the project period, it was found that only 691 measures (from 830 
implemented measures during the project period) have been implemented continually. For the potential 
measures, there are 14 measures are able to be implemented.  It can be seen that 705 measures (82.94 % 
of 850 measures) were implemented continually as shown in Table III. Therefore, energy savings after the 
project period were reduced obviously to 1,405.5582 toe/year or 4.55% of total energy consumption. The 
details can be shown in Table IV.
Even so, some organizations had been able to initiate additional energy conservation measures by their 
own.  This would indicate sustainable energy conservation in the organizations at some degree. There are 
14 organizations that initiated additional measures after the project period.  Total number of additional 
measures is 20 in which 18 measures come from factories group and 2 measures come from buildings 
group. The total estimated savings is equivalent to 15.6561 toe/year (0.05% of total energy consumption)
as shown in Table V.
Most energy conservation measures are for lighting systems because of low investment, low payback 
period and immediate implemented.  In case of thermal systems, they are related directly to production 
process. It therefore needs elaborate studies, high investment, and high payback period.
Table 5. Energy savings of additional measures after the project period 
Description
Measure
Total Electricity Thermal energy
Energy savings 15.6561 (toe/year) 129,080.25 (kWh/year) 198,850.00 (MJ/year)
Cost savings 548,708.22 (baht/year)
Investment 627,740.00 (baht)
Payback period 1.14 (year)
The implementation of energy conservation measures resulted in energy savings that were estimated at 
1,421.2143 toe/year or 4.60% of total energy consumption. The total estimated energy saving is consisted
of the energy savings from 705 recommended measures and the energy savings from additional measures
as shown in Table VII.
Table 6. Most energy conservation measures 
Most 5 measures for electrical energy conservation
Estimated savings
(kWh/year) (toe/year)
Reducing leakage of compressed air 709,432.66 60.4510
Reducing operating time of air conditioning system 631,809.81 53.8366
Reducing pressure of compressed air 586,495.48 49.9754
Adjusting the belt tension 267,836.33 22.8224
Taking off unnecessary light bulbs 146,559.04 12.4882
Most 5 measures for thermal energy conservation
Estimated savings
(MJ/year) (toe/year)
Installing insulator to reduce heat loss 3,277,219.04 77.5785
Improving combustion efficiency (oven) 10,824,253.95 256.2318
Reducing leakage of hot air/water/steam 1,329,005.32 31.4602
Increasing temperature of boiler feed water 1,015,124.74 24.0301
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Most 5 measures for electrical energy conservation
Estimated savings
(kWh/year) (toe/year)
Improving combustion efficiency (boiler) 2,386,415.38 56.4913
Table 7. Summary of estimated energy savings by types
Types of factories and 
buildings
Energy consumption 
(toe/year)
Estimated energy 
savings
Estimated cost savings 
(baht/year)
(toe/year) %a
Chemical 417.5626 13.2478 3.2 511,769.55
Metal 1,795.8040 93.1322 5.2 3,059,920.13
Non-metal 3,675.1481 61.8314 1.7 1,596,478.55
Plastic and rubber 3,709.3344 158.9329 4.3 4,812,397.84
Textile 315.0945 27.6426 8.8 1,165,717.50
Food and medicine 16,636.7538 712.1510 4.3 13,883,303.74
Paper and printing 81.1563 12.9986 16.0 189,878.06
Spare part and machine 1,169.9087 76.1627 6.5 597,107.93
Wood and furniture 457.2112 100.8165 22.1 3,707,845.17
Others 694.8979 23.1265 3.3 1,203,968.66
Total factories 28,952.8715 1,280.0422 4.4 30,728,387.13
Shopping mall 93.7310 1.7557 1.9 67,789.60
Hospital 81.2051 5.3541 6.6 230,084.30
Hotel 1,221.4053 84.0368 6.9 2,524,772.88
Office 358.2711 41.8492 11.7 1,659,729.34
Others 145.7091 8.1763 5.6 285,942.47
Total Buildings 1,900.3216 141.1721 7.4 4,768,318.59
a. Percentages of total energy consumption
There are some technical problems and obstacles interrupted the implementation of energy 
conservation measures. For instance, Machines are malfunction after implementation. Factories are in 
expansion or rush production. In case of personnel problems, workers prefer comfort to energy 
conservation and have too many routine works. Executive persons and energy team members are changed 
too often. There is no any management system. In case of investment problems, some of measures with 
high investment were canceled. Only, measures with no investment were implemented.  Moreover, some 
factories and buildings closed down because of economic crisis.
3.2. Attitudes toward Energy Conservation
We have evaluated the attitudes toward energy conservation of executive persons, energy team 
members, and workers by comparing between results of the surveys before and after the participatory 
project period. The frequencies and percentages of collected data were calculated and used to compare the 
results.  Opinion and agreement corresponding to the questions is divided into 5 levels: very-high, high, 
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medium, low, and very-low. The result is divided into 2 groups: factories and commercial buildings.     
Workers’ opinions about energy conservation activities were positive signs to indicate an increase of 
energy conservation activities. Workers still need of support in several aspects: training, knowledge 
publicizing, suggestions on energy conservation measures, and an award for the best practice. 
Improvement of activities of buildings group is more than that of factories group.
In the opinions of energy team members, energy conservation activities have a high to medium level of 
improvement. Improvement of activities of buildings group is more than that of factories group. Benefits 
in knowledge and ability of energy conservation are at a very-high to high level. Needs of support of 
buildings group are less than those of factories group.
In the opinions of the executive person, the participants have a high to medium level of satisfaction in 
the period of time for advice and energy saving. Ability of experts, procedure of the project and success 
are at a very high to high level for both buildings group and factories group. 
There are suggestions to improve the energy conservation activities in the buildings and factories. For 
example, there should be training courses about energy conservation and providing better understanding 
according to energy conservation. There should allocate budget or low-rate loan and introduce new 
technologies to conduct energy conservation measures.
4. Conclusion
The participatory energy conservation project by SMEs both factories and commercial buildings in 
2009 has been evaluated in this paper. The energy conservation and energy management for 135 surveyed 
organizations were evaluated using questionnaires.  It can be concluded that the implementation of energy 
conservation measures resulted in energy savings that were estimated at 1,421.2143 toe/year or 4.60% of 
total energy consumption. The attitudes toward energy conservation, government-support needs and 
satisfactions of the participant have been collected.  It can be seen that there were positive signs to 
indicate an increase of energy conservation activities at a high level for both buildings group and factories 
group. There are needs for supporting in several aspects: training, knowledge publicizing, and suggestions 
on energy conservation measures.
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